The addition of plant extracts to a medium for the subsequent enhancement of growth of many lactic acid bacteria has been routinely employed in laboratories for many years. Tomato juice, an ingredient commonly added to media for culturing lactic acid bacteria, serves as an essential adjunct for the propagation of the fastidious bacteria associated with the malo-lactic fermentation of wines (6, 13, 17) . These gram-positive, heterofermentative cocci, in addition to requiring unknown growth factors present in tomato juice, produce no slime, initiate growth at low pH (3.7) , and are more tolerant to ethanol (10%) than are other leuconostocs. Based upon these and other discerning physiological properties, a new species Leuconostoc oenos has been proposed (5) .
L. citrovorum ML 34, a wine isolate possessing many of the taxonomic characteristics of this newly proposed species, was used to induce the malo-lactic fernentations successfully in California (8) . This microorganism, likewise, is difficult to cultivate in complex media and requires unknown growth factors present in tomato and grape juices (9) . Therefore, the present study was undertaken to define the conditions essential for obtaining maximum growth yields, and to determine the nature of the plant materials responsible for promoting such growth enhancement activities in L. citrovorum ML 34. 1 (TGYE) supplemented with tomato juice (10%) as previously described (15) .
Preparation of plant extracts. Fresh tomatoes (New Yorker variety) were washed well and the juice was expressed in a paddle-finisher. The juice, pH 4.4, was centrifuged (20,000 X g) for 20 min. The tomato serum was concentrated 12-fold by vacuum distillation at 40C. The concentrate containing 897.8 g (total solids) was adjusted to pH 7.0 with granular calcium carbonate and treated with ethanol (80% saturation). After 18 hr of standing at 4 C, the alcohol-soluble fraction (411.5 g) was decanted and further treated with acetone (38% final). The alcohol-acetonesoluble fraction (334.2 g) was obtained by decantation after 3 days of standing at 4 C. Organic solvents were removed by vacuum distillation, and the various fractions were stored at -20 C.
Ion-exchange chromatography. A portion of the alcohol-acetone-soluble fraction (31.8 g, pH 6 .0) was passed through a column (4.5 by 42.5 cm) of the cation-exchange resin, Dowex 50 (H+). The effluent (29.2 g, pH 2.3) was passed immediately through a Dowex 3 (OH-) column of similar capacity (yield: 27.1 g, pH 6.7). A portion of this latter fraction (11.1 g) was passed through an activated charcoal (Darco, 80 mesh) column similar to the above. The clear, decolorized, aqueous effluent provided 9.6 g of material. The columns were washed with water until no sugar was detected in the effluent by anthrone reagent (12 Destruction of the stimulatory factor. Each filtersterilized plant extract (100 ml) was fermented by Saccharomyces cerevisiae 223 for 21 days at room temperature. After completion of the yeast fermentation, as evidenced by the cessation of bubbling activity, the broths were clarified by centrifugation (20,000 X g, 20 min). The ethanol was removed by vacuum distillation at 40 C. The concentrates were reconstituted with distilled water to the original volumes and assayed as described above.
Carbon dioxide atmospheres. The media (10-ml samples) were added to sterile colorimeter tubes (16 by 145 mm) and inoculated with one loop of an actively growing culture of L. citrovorum ML 34. The tubes, fitted with sterile rubber stoppers and equipped with venting ports containing glass wool, were placed in anaerobic jars for evacuation. Prior to closure of the pinch clamps, the atmospheres were displaced three times with the respective CO2 gas concentrations. All assays were run in triplicate and incubated at 32 C.
The various C02-air mixtures were obtained by metering compressed CO2 and C02-free air into 20-liter water-filled carboys. The volumes of water displaced by the compressed gases served to establish the ratios of final gas concentrations used.
RESULTS AND DISCUSSION
The addition of filter-sterilized plant extracts to a TGYE basal medium produced a 12-to 30-fold increase in the final optical density (OD) values (Table 1 ). The cell yields indicate that the growth-enhancing properties of the juices were not unique to any particular plant extract. The rather universal occurrence of stimulatory activity suggested that the factor(s) was different from that described by Garvie and Mabbitt (6 of maturity of the tomato extracts (mature versus green). The red juice, Seibel, provided 45 % greater growth response than that obtained with the white juice, Ravat 34, and the mature tomato extract produced a twofold greater yield than its immature counterpart. It appears, therefore, that variety and state of maturity contributed significantly to the observed stimulatory effects. Since L. citrovorum ML 34 was used successfully for the induction of the malo-lactic fermentation of California wines (9), the effects of the yeast-fermented extracts were also investigated. Alcohol-free fermented extracts, when added as 10% supplements to the TGYE base, produced no significant stimulatory effects (Table 1) . Results suggested that the yeast had either utilized the factor or had produced an inhibitory substance that masked its effect. As later data will show, the former appeared to be the explanation.
In an attempt to identify the nature of the stimulatory factor, various fractionation steps were employed. Those fractions obtained as a result of organic solvent extraction and column chromatography were analyzed with ninhydrin and anthrone reagents, and ultraviolet absorption properties (280:260 nm ratios). It is apparent ( Table 2 ) that each successive fractionation step increased the cell yields and that the greatest specific activity (OD per milligram, dry weight, of tomato serum) was observed in the charcoal effluent fraction. This latter fraction, in addition to showing a threefold increase in specific activity, was ninhydrin-negative and contained less than 0.28% protein. Those 14 days, whereas the paper chromatographic eluate and the fructose standards produced OD values in excess of 1.80 within 9 days. It was observed, however, that 6 days of incubation were required before the onset of measurable turbidity. This extended lag period suggested that factors other than fructose, or in addition to fructose, were essential for initiating early growth.
Since the original culture was isolated from a wine fermentation, and the latter fermentation under commercial conditions produces an atmosphere high in CO2 (1), the effects of CO2 concentrations upon the growth in a TGYE autoclaved medium were investigated.
Increased CO2 tensions markedly decreased the lag phase (Fig. 1) . The culture incubated in an air atmosphere under stationary conditions required more than 240 hr of incubation to reach an OD value of 0.10, whereas, under CO2 saturated atmosphere, the lag phase was decreased to less than 24 hr. Reductions in lag phases appear to be related to the concentration of CO2. Also, when aerobically grown cultures reached an OD of 0.030, and were then supplied with a saturated CO2 atmosphere, less than 21 hr was required to induce accelerated growth rates. The similarities in the slopes of the growth rates during the accelerated growth phase indicate that, once active growth is initiated (OD greater than 0.10), the generation times are quite similar.
The above growth responses were measured in an autoclaved TGYE medium. The effects of autoclaving upon complex media and its inhibitory or enhancing properties, or both, were well documented by many investigators. It was previously reported (16) that fructose is generated by the temperatures used for sterilization of this It has been known for many years that certain heterotrophic microorganisms require CO2 for growth (14) , and many of these C02-mediated reactions were extensively reviewed by Wood (19 (11, 4) ; dicarboxylic acids (7); and vitamins (19) .
To determine whether known growth factors would enhance early growth in an air atmosphere, compounds, added singly and as complete mixtures, were tested and found to be ineffective.
Acids (sodium salts) were acetate, L-ascorbate, L-aspartate, fumarate, (3-hydroxybutyrate, malate, oleate, oxalacetate, and succinate. Amines were asparagine, glucosamine, and glutamine. Amino acids were cysteine, cystine, and methionine. Purines were adenine, 2,6 diaminopurine, guanine, hypoxanthine, uric acid, and xanthine. Pyrimidines were thymine, cystosine, and uracil. Ribonucleosides were adenosine, cytidine, deoxyadenosine, deoxyguanosine, deoxyinosine, inosine, thymidine, uridine, and xanthosine. Ribonucleotides were 3'-adenylic, 5 
